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SUMMARY 


An analysis is presented to compare longitudinal 
stability and control characteristics obtained with a 
conventional fixed-stabiliser, an adjustable-stabiliser, 
and an all-movable horizontal tail. The tail-area 
requirements, control forces required in the critical 
landing condition, static margin, control-force gradients 
in a dive recovery, and elevator-free stability are 
investigated. The analysis includes a comparison for 
the various tails of the effect of a partial -wing stall 
on the control-force gradient in a dive recovery. The 


effect of an increase 
investiff ated . 


in the tail aspect ratio is also 


The results of the analysis indicated that, with 
regard to requirements for longitudinal static stability 
and adequate "control in landing, the all-movable end 
adjustable-stabilizer tails can provide, with considerably 
smaller tail areas, the seme range of permissible center- 
of-gravity positions as the conventional fixed-stabilizer 
t a:L 1 . 

The comparison of the longitudinal control character- 
istics on the basis of a specified range of permissible 
center-of -gravity positions indicated that the adjustable- 
stabiliser tail allows considerably smaller control 
balance for the rate of change of hinge -moment coefficient 
with elevator deflection than the fixed-stabilizer tali. 

The comparison also indicated that the increase in control- 
force gradient as a result of a paroial-wing stall in a 
dive recovery will be significantly smaller with the all- 
movable and adjustable-stabilizer tails than. with the 
conventional fixed-stabilizer tail. 
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INTRODUCTION 


Ths present trend toward higher speeds and greater 
sise of airplanes is increasing the demands on the hori- 
zontal tail with regard to obtaining adequate longitudinal 
control under some important flight conditions. in par- 
ticular, the use oi flap devices that give increasingly 
large increments in lift in order to maintain reasonable 
landing speeds n:ay add appreciably to the diving moments 
which must be balanced out by the longitudinal control 
in the three-point-landing attitude. An analysis of a 
typical fighter airplane (reference 1) shows that a 
fixed-stabiliser horizontal tail of conventional size 
would provide markedly Inadequate longitudinal control 
in landing with a full-span slotted or Fowler flap. The 
results of reference 1 show that with a slotted flap, the 
airplane would require an increase in tail volume of 
jo percent in order to permit a can ter -of -gravity travel 
°f 6.5 percent of the mean aerodynamic chord and that 
this 56 -percent increase in tail volume would permit a 
center-of-gravity travel of only 2.1 nor cent with a 
Fowler flap. Further, reference 2 has shown that in the 
c as e 


high-speed pull-oi 


large div: 


ng moment may 


occur as a result of a partial-wing stall caused bj 
critical compressibility effects and the inadecuaoy of 
the normal elevator for counteracting this diving moment 
is responsible in many cases for the extreme difficulty 
recently experienced in recoveries from high-speed dive3 


A common method of obtaining greater longitudinal 
control has been to increase the horizontal— tail volume 
by increasing the tail area. It is evident, however, 
that as compared to the conventional horizontal tail 
having a fixed stabilizer, the adjustable stabilizer and 
all-movable control remit an increase in the tail 
effectiveness. The adjustable-stabilizer and all-movable 
tails therefore should provide a specified degree of 
longitudinal control with a smaller area than that required 
with a fixed-stabilizer tail. A comparison of the differ- 
ent types of horizontal tail on the basis of specified 
stability end control requirements would servo therefore 
to indicate the comparative merits of these tails in 
regard to obtaining improvements in horizontal-tail 
design. 


Results are presented of an analysis in 
conventional fixed-stabilizer, the adjustable 


which the 
-stabilizer 
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find the all-movable horizontal tails are compared on the _ 
basis of tail-area requirements and airplane static long! 
tudinal stability and "control characteristics. The analy 
sis is made for these tail configurations on a modern 
fighter airplane. The data for the horizontal ^ tails are 
presented, however, for a wide range of stability and 
control requirements, so that the results of t ns present 
investigation can be applied to a number of airplane 
types. The analysis of the horizontal tails includes a 
comparison of the longitudinal control characteristics 
for flight conditions in which the wing is partially 
stalled! The effect of an increase in the tail aspect 
ratio on the static longitudinal stability and control 
characteristics is also considered. 


SYMBOLS 


mean aerodynamic chord of wing , feet 

tail length measured from quarter-chord point 
of mean aerodynamic chord of wing to quarter- 
chord point of tail, fraction of c v ,;( see fig. 1) 

distance measured from quarter-chord point of 
mean aerodynamic chord of wing in original 
position to neutral point, fraction of c w ; 
positive when neutral point is behind quarter- 
chord point (see fig. 1) 

distance measured from quarter-chord point of 
mean aerodynamic chord of wing in original 
position to center of gravity of airplane, 
fraction of c w ; positive when center of 
gravity is behind quarter-chord point (see 
fig. 1) 

distance center of gravity is moved, fraction 
of c w ; positive when moved back, primed to 
indicate that wing is moved simultaneously 

static margin with elevator fi<ed (distance 
measured from airplane center of gravity to 
neutral point), fraction of c w ; positive 
when neutral point is behind center of 
gravity (see fig. 1) 


'VI 


'O 


'Cg 


hi, 
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lj- 


M 


w 


A l 


A l 


o 


F 

(AZo), 


Ad 


st 


~t 

' c 'e 

b 

S 

AS t 

A 


distance measured from aerodynamic center of 
all -movable tail, to pivot of main surface, 
feet; positive when pivot is behind aero- 
dy n ami c c e n t e r 

distance wing is moved, fraction of c w ; 

positive when wing Is moved back, primed to 
Indicate that center of gravity is moved 
simultaneously 

change in neutral-point position due to change 
in horizontal-tail area, fraction of c w 

change In neutral-point position due to freeing 
the elevator control, fraction of c w 

change in neutral-point position that results 
from partial-wing stall, fraction of c w 

rearward movement of aerodynamic center of wing 
that results from a partial-wing stall, 
fraction of c w 

chord, feet 

root-mean -square tail chord, feet 

root-mean-square elevator chord, feet 

span (of wing unless otherwise indicated), feet 

area (of wing unless otherwise Indicated), 
square feet 

change in tail area 3 t required with modified 
tail to maintain specified static margin 

aspect ratio 


r t 

t ape r 

rati 

Lo of tail 

w 

we i ght 

of 

airplane 

w t 

weight 

of 

horizontal tail 


W, 


w 


por square foot 
total weight of wing, pounds 
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air density, slugs per cubic foot 

elevator gearing ratio, radians per foot, stick 
travel 

dynamic pressure, pounds per square foot 

angle of attack of airplane measured as angle 
"between the thrust axis and wind direction 
at infinity, degrees; primed to Indicate 
that a Is corrected for ground interference 
effects 


5 

1 tjnax 


° e max 


e 


T 


angular deflection of control 

maximum angular deflection of 
measured with reference to 
degrees 


surface, degrees 

stabilizer 
thrust axis, 


maximum negative angular deflection of elevator, 
degrees 


down wash angle at tail, degrees; primed to 
that e is corrected for ground inter- 
ference effects 


Indicate 


elevator-effectiveness parameter equal. to the 
change In angle of attack of tne tail 
required to give tne same total li*. i over 
the tail as that contributed by 1° of 
elevator deflection 


slore of lift-coefficient curve per degree, 
(for airplane unless Indicated otherwise); 
primed to Indicate parameter is corrected 
for ground effects 


d£ 

rate 

of 

ch an 

tT0 

O 

of 

cL o wn w ash 

angle 

da 

8n 

gle 

of 

att 

ad 

c of 

wing 


/'cU\ 

r ate 

of 

ch an 

ee 

of 

downwash 

angle 

Vda/ S t 

BTi 

gle 

of 

att 

sc l 

c of 

wing 

after 


wi 

.ng 

s t a 1 







at tail with 


at tail with 
beginning of 



rate of change of angle oi attscx at section 
of the tail with tab deflection for 
constant lift at section 
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^’°mt j 
'•P 6 q / c 


z0?± ) 

W Cl 


rate of change of Ditching-moment coefficient 
of tail about quarter-chord point of tail 
with elevator deflection for constant lift 
over tail 


rate of change of pitching-moment coefficient 
about quarter-chord point of section of 
tail with tab deflection for constant lift 
at section 


C Lt* 


C Ln n 


lift coefficient of tail 

maximum negative lift coefficient of tail that 
can be obtained in the three-point attitude 
with ground-effect corrections 

maximum lift coefficient of wing with flaps 
fully deflected 

section lift coefficient of tail 


pitching-moment coefficient about center of 


gravity of airplane ( | 

\q3c v< r/ 

pitching moment about center of gravity of 
airplane, foot-pounds 


Cm 6 e 

rate of change 

of 

Cm 

wi oh 

5 « 

C m at 

rate of change 

of 

Cm 

vrj.nh 

a t 

Ch 

elevator hinge 

-iPiorren t 

coef.fi 

- - [ *1 \ 

cion o ( r; — j 





ViVW 

H 

elevator hinge 

moment, 

f oot- 

■pounds 

Ch 6e 

rate of change 

of 

Ch 

wi th 


c hat 

rate of change 

of 

c h 

with 

a t 


c. on tr:’ button t 

o C 

m per unit change in a 


combined effects of all factors other than 
wing and tail 
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AC : 


51 2 


c, r . 1 
J * fc 


combine d contr: buttons to C„ of factors other 

than those represented by term Ct 

±J rnax 

and tail 

contribution to C m of the tail pitching 

moment about tail quarter-cnord point that 
results from the maximum negative elevator 
deflection 


dc V 

dip 


E» 


n 


g 




(A2 r 


n 'st 

B, D 
K 

Subscripts 


contribution to C m per unit change in 6 e 
of the tail pitching moment about tail 
quarter -chord point 

factor used to determine contribution of tab 
to tail lift 

factor used to determine total pi tching -moment 
contribution of tab about quarter-chord 
point of tail 

change in elevator control force per unit change 
in normal acceleration, pounds per g 

acceleration of gravity, 32.2 foet per second 
ner second 

control force required to land at minimum speed 
with center of gravity in most forward 
position, pounds 

change in F n that results from partial-wing 
stall, pounds per g 


constants used to determine F. 


c on s t 


ClJL l OO LICJ U .i. ± XX 

(& bltSt" 

ant used to determine {M Q > \ a rqg. 


t tail 

e elevator 

st occurs after wing begins to stall 
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wing 


f-^ tab for all-movable tail 


METHOD OF ANALYSIS 


Basis for Comparison 


The fixed-stabilizer, adjustable-stabilizer, and 
all-movable horizontal tails on a modern' fighter airplane 
are compared In the present analysis. Because the present 
trend In tail design is toward higher aspect; ratios, 
aspect ratios of and 5*32 were treated for the fixed- 

stabilizer tail In order to give data showing the effects 
of Increases in asoect ratio. The areas required for the 
three types of tail having equal aspect ratios ( 5 . 82 ) 
were compared for an equal range of permissible center- 
of-gravitv position. With the respective areas deter- 
mined in this manner, the three types of tail were also 
compared on the basis of the following factors; 

(1) The effect on the static margin of the airplane 
of replacing the fixed-stabiliser tall with other tail 
designs 

(2) The control-balance required to obtain a 
specified control-force gradient and variation of control- 
force gradient with center-of-grsvi ty position 

( 3 ) The effect on static longitudinal stability of 
freeing the elevator control 

( If ) The maximum control forces in a three-point 
landing at minimum speed 

( 5 ) The effect of a partial-wing stall on the 
control-force gradient in e dive recovery 


Data for Calculations 

The basic data, which are representative of data for 
a modern fighter airplane, that were used in calculating 
the stability and control characteristics of the selected 
airplane are shown in table I. 
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The basic design data end aerodynamic parameters for 
the horizontal tells are given in table II. The calcu- 
lations for the tails were made for a plan form having 
an aspect ratio of 5*82 and a taper ratio of 2.l6, which 
corresponds to the wing plan form of the airplane. The 
calculations for the fixed-stabilizer tail were also made 
for a plan form having an aspect ratio of L|. . 2i j. and a taper 
ratio of 1.71, which corresponds to the plan form of the 
original tail of the subject airplane. 

The stabilizer setting, the ratio of elevator chord 

to tail chord, and for the fixed-stabilizer 

"max 

tail were assumed to be the same as for the original 
horizontal tail on the subject airplane. For the 
adjustable-stabilizer tail, the maximum angular travel 
of the stabilizer was limited by the condition that, with 
the wing flaps fully deflected at 120 percent of the 
minimum speed, the negative angle of attack of the tail 
was about 2 . 5 ° below its negative stalling angle. It was 
further specified that with the stabilizer fully deflected, 
the airplane could be trimmed at all times in a normal 
landing maneuver by use of the elevator. In order for 
the tail to operate within the linear range of the 
elevator effectiveness, the values for the ratio of the 
elevator chord to tail chord and for 5 e were assumed 

to be smaller for the adjustable-stabilizer tail than 
for the fixed-stabilizer tail - that Is, c e /c t was 
reduced from 0.*2 to 0.20 and 6 e was reduced 

m cLX. 

from - 25 ° to -I5 0 . These assumptions were based on the 
data of figure J of reference J, and were necessary because 
of the large Increase In the negative Incidence of the 
tail when the stabilizer is fully deflected. 

The all-movable horizontal tail considered in the 
present analysis is similar to the all-movable vei’tical 
tail surface reported in references Ip and 5 * For this 
type of tail, the pivot Is located at the aerodynamic 
center of the tail or at some point behind it and a tab, 
linked to the main surface, moves in the same direction 
as and in a predetermined ratio to the main surface. 

The proportions of the tab and the tab-linkage 

ratio 5 f^/ 5 e were so determined that the control-force 

characteristics for the all-movable horizontal tail, when 
used on the subject airplane, would be comparable to 
those obtained with the other types of horizontal tail. 

The maximum negative deflection of the all-movable tail 
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was so determined that the negative stalling angle for 
the tail could he obtained in a three-point landing at 
minimum speed. In contrast with the allowance of 2,5° 
assumed in the case of the adjustable-stabilizer tail, 
which was set for the approach condition, no allowance 
was assumed for the all-movable tail in the landing 
condition because the adjustable-stabilizer tail was 
believed to be generally more difficult to unstall than 
the all-movable tail. The effect of other considerations 
that may limit the maximum angular travel of the sta- 
bilizer and of the all-movable control is discussed 
herein in the section entitled ,! Results and Discussion." 


The values for the aerodynamic parameters ap and t 
used in the calculations for the horizontal tails were 
based on the data of reference J. In the case of an 
all-movable tail with a tab. 


t = 1 


0.1 J 



where J is a function of the span and location of the 
tab and of the tail taper ratio. Values for J were 
obtained from figure 2 of reference 6. The factor 0.1 
represents the slope for the section lift curve per 
degree. 


Procedure for Calculations 

The symbols that refer to the position of the various 
points along the longitudinal axis of the airplane are 
Identified in figure 1. The quarter-chord point of the 
mean aerodynamic wing chord of the subject airplane is 
taken as the reference chord, arid distances along the 
longitudinal axis are measured In fractions of the mean 
aerodynamic chord of the wing. 

The range of the permissible center-of -gravity 
positions was limited in the rearward direction by the 
elevator-fixed neutral point as determined for the. 
cruising condition and in the forward direction by the 
requirement for adequate control In a three-point 
landing at minimum speed. 
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The most rearward position for the center of gravity 
or the neutral point for the cruising condition with 
elevator fixed was determined from the equation 




w b o 


dC>nq 
+ da 


‘t^tSti 1 



qS 




( 1 ) 


corresponds to tho limit ing rearward position 

d e/ da 


where l f 

for the center of gravity. The parameter de/da in 
equation (1) was evaluated as 0*4 from the data of 
reference 7* The term dC m ^/da in equation (1) 

represents the combined contribution to C™ of factors 

‘ ill 

other than the wing end tail , such as power and fuselage 
effects. This term was evaluated by means of unpublished 
flight-test data for the subject airplane from which the 
position of the neutral point for the cruising condition 
with elevator fixed ’was obtained. The solution of 
equation (1) with the value of l Q obtained from the 
flight-test data then determines the value for dC-iq/da. 
The term d.C m ^/da was thus evaluated as 0.01 and was 

assumed in the computations to be Independent of the 
center-of-gravity position. The differences in the 
effect of power at cruising speed for the various tails 
were neglected, so that the value for dC^^/da was 

assumed to be independent of the size and type of hori- 
zontal tail. 


The most forward center-of-gravity position for a 
three-point landing at minimum speed was calculated from 
the formula 


cl, 


qt3tci t ' (i t - 


■max 


■eg 


+ AC 


^ eg) 


m 2 


+ 


qS 


0 ( 2 ) 


where Z- Cg corresponds to the limiting forward center- 
of-gravity position. In equation (2), the term AC^ 

refers to the landing condition and represents the 
combined contribution to C r of factors other than the 
tall and the factor Ct The term was evaluated 

iTiax - 

by means of unpublished flight-test data for the subject 
airplane from which the most forward permissible center- 
of-gravity position in landing was obtained. The 
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solution .of equation (2) with, the value of l obtained 

from the flight- test data then determines the value 
for AC^. The term AC^ thus obtained was evaluated 

as -O.O65. This value of AC^ was assumed to be 

independent of the size and type of tail and also of the 
center-of -gravity position. The factor In 

equation (2) is the maximum negative tail lift coef- 
ficient that can be obtained in the three -point- landing 
attitude and was determined from the equation 

°Lt' = + T6 9]!lax ) ( 5 ) 

where , a t 1 , and € 1 are the values for these 

parameters in . the landing at minimum speed with ground- 
effect corrections applied in accordance with the method 
of reference 8. The term c m t ' i n equation ( 2 ) is the 

contribution to C m of the tail pitching moment about 
the tail quarter-chord point that results from the maxi- 
mum negative elevator deflection in the lending condition, 

Bnd /£>c mt \ - 2, 

(Wj cih 5 e,ax^ c t 

° m t * - q 3 c w 

The effect on the static margin x of the airplane 
of replacing the fixed-stabilizer horizontal tail with 
other tail designs having different tail areas was deter- 
mined on the basis of the neutral-point positions, which 
were obtained from equation (1) for a large range of 
values of S^/S. The means considered for madntsining a 
given static margin with a modified tail of different 
area included an appropriate shift of the center of 
gravity A7- C g or an appropriate shift of the wing A 

The value of ' Al C g Is equal to the shift of the neutral- 

point position associated wj th the use of the modified 
tail minus the shift In the center-of-gravity position 
that results from the change in the tail weight. In the 
computations for AZ W , the quarter-chord point of the 
tail was assumed to be moved an equal distance in the 
same direction as the wing so that the tail length Jp 
is unchanged. if the effect on the airplane center of 
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gravity of the wing end tail weights are included, the 
formulas for AZ C g and AI W become 


At C g A ^o 


‘■l t A3 t 



where the tail weight per unit area was taken as 

2.1 pounds per square foot, and W w was taken as 
2360 pounds. The term ASp represents the change in 
required Sq, due to the tail modification, as determined 

by equations (1) and (2) on the basis of the original 
range of permissible center-of-gravity positions. 

If the static margin of the airplane with the modified 
tail is maintained constant by moving the center-of-gravity 
and wing positions simultaneously, equations (lq) and (5) 
can be written 

= A *0 ~ 0.132 a g" + az, w ' (o,68 - o • 053U g (6) 

where tho primes for Al c ^. and M V{ indicate that the 

center-of-gravity and wing positions -were moved 
s imult aneous ly . 

The change in control-force gradient in steady 
turning flight was obtained from the formula 

(7) 


( 8 ) 


F n " ^Ph5 e B + G h at Dy qt K e c 


: e l*e 


where 


23.6pgC ma c w (j t - l 0 + 


qsc m6 


qtCmg. 
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end 


W ( 1 - 


D = 


de\ 

da/ 


28.6pgc w (l t - l Q + x) 


Sqa dt 

In equations ( 7 ) to (9), 

-qt s t Ta t(.H " ^o + x ) dc mt 


( 9 ) 


■' m 6. 


qs 


d6 f 


( 10 ) 


where dc ir ^/d6 e Is the contribution to C^, per unit 

change in 6 e snd results from the tail pitching moment 
about its own quarter-chord ooint. This term usually 
contributes a small amount to the value of C rn ^ . In the 


case of the all-movable tail 


dc m t 

dd e 


\ 


m 1 


E '\MrJc 
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6f t - '< 


e 


qSc 


w 


( 11 ) 


where E» Is a function of the span and location of the 
tab f>nd of the tail taper ratio. Values for E 1 are 
given in figure 7 of reference 6, In equation (8), 

-qt s t a t(n - l o * x ) 

° ract = Ts— (12) 

Values for Cha , Cu , and S t that were used 
°e Q t 

to determine F n are discussed In the present paper in 
the section entitled "Longitudinal Control Characteristic 


The effect on the static longitudinal stability 
freeing the elevator control was obtained from the 
formula / 

Cm&gChatV 1 “ da/ 

Al °P ~ ' ' ' aC h6e 


of 


U 5 ) 


where is the shift in the neutral-point position 

f 

that results from freeing the elevator control. In 
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equation (1J) Is assumed to be negligible in com- 

x 

pari son xvith the term - l Q + x. The expression 



t 


£i\ 

da ) 



In equation (1J) represents the change in floating angle 
of the elevator per unit change In a. 

The control force for the landing condition at the 
minimum speed with the center of gravity in the most 
forward position was obtained from the formula 



w h§ 5 e ma x + 

c? 



«' + it, 


) 


max/ 1 


_ 2 

c 3-t K e c e 


(14) 


v/here a^.’ is the geometric angle of a* tack of the tail 
that corresponds to the minimum landing r. p cr-vd corrected 
for ground effect as measured with the sufebl iizer In the 
neutral posiricn. 


The effects of a partial-wing stall on the control- 
force gradient in a dive recovery for the three horizontal 
tails were compared by considering the changes due to the 
stall in the position of the center of pressure of the 
wing lift, in the slope of the lift curve of the wing, 
and in the down wash angle at the tail. In this comparison 
the effect of the wing stall on factors other than the 
wing and tail were neglected. 


The change in the control-force gradient due to the 
partial stall In a dive recovery was obtained by means 
of the formula r 

17. rh 

v-h 


( ip n) s , = — 


W O-t-Zii'. C ;; ! -1 • O ) 3 t ' h' .^ 


- d£ 
da 




:q 




1 


1 

L 


a st 


a 


,Ch 




a. 


( 15 ) 


where is the slope of the lift-coefficient curve 

for the airplane during the wing stall and 
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a t% S t 


st " a w st 


1 - 


qs 


© 


S t ; 


Also (Mr.) is ths shift in the neutral-ooint position 
x w st 


due to the wing stall and, from equation (1), 


KJ. 


t«o) 


- (-} 


da 'stJ 


fl Wqf 

+ st 
e w s z 


f d 

"tl 1 - Taj 


st 


a w 

w 


s t 


“w 


+ K 




where 


K = 


ia ' st 


1 + K 1 - 


da/ 


(IS) 


The quantitative results presented in the comparison 
of the effect of the wing stall on the control-force 
gradient in a dive recovery were obtained for a partial- 
wing stall for which it was assumed, for convenience, 
that 


a 


w s t 


d € 


/d€\ 

voa/ g ^ 8 W da 


ana 


f S-WgA 

Adst = 0. 10 \1 - — fj 

On the basis of these assumptions, equations (15) end ( l6 ) 
become, respectively. 


(*F n ) 


St 


Wq t K e c e 2 b e 

qS 


( A Z. o ') s t C h© 

C 


'^6, 


9 + Wt “ IKi 


( il o)st = 


V7 f , aw s t dc 
* w t \ " a w da/' 


) + 0 • 10 ~4" (1 - ~4r) Kl t( x - 


(i?) 

— ) 

da/ 


Off 


ii+Ki- ¥ 




a w 


& w do.y 
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da> 
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RESULTS AND DISCUSSION 

Range of Permissible Cen ter-of -Gravity Positions 


The rearward and forward boundaries for the permiss- 
ible range of center-of-gravity positions for the fixed- 
stabilizer, adjustable-stabilizer, and all-movable 
horizontal tails are shown in figure 2. The results are 
shown for values of S^/S ranging to 0.30. The limiting 
rearward center-of-gravity position In figure 2 is deter- 
mined by the requirement for static longitudinal stab- 
ility In the cruising condition with elevator fixed. 

This boundary was obtained by solving equation (1) for l 0 
with specified values of S.J-/3. It will be noted from 
equation ( 1 ) that the parameters which affect this 
boundary generally do not change with the type of hori- 
zontal tail. This boundary will be affected, however, 
by a change in the tail aspect ratio because the term a-j- 
in equation (1) Is a function of the tail aspect ratio. 

s t 

Figure 2 indicates that for — = 0.175> which corresponds 

o 

to the horizontal-tail area of the subject airplane, an 
increase in the tail aspect ratio from L. 2 I 4 . to 5*82 
increases the static margin by 0 . 026 c w . 

The forward boundary for the permissible range of 
center-of-gravity position given in figure 2 is determined 
by the requirement for adequate control in the critical 
landing condition. This boundary was obtained by solving 
equation ( 2 ) for l c ~ for specified values of St/S. 

Figure 2 shows that the boundary for adequate control in 
the critical landing condition will be shifted considerably 
forward by replacing the fixed-stabilizer tail with either 
the adjustable-stabilizer or the all-movable tail. For 
S-h 

— = 0 . 155 , the forward boundaries for the adjustable- 
3 

stabilizer and all-movable tails are 0 . l 8 c w and 0 . 21 cw> 
respectively, ahead of that for the fixed-stabilizer 
tail (A-h = 5 . 82) . Figure 2 shows that in the case of 
the fixed-stabilizer tail, the effect of aspect ratio on 
the forward center-of-gravity boundary is small. 

The large forward extension of the range of permiss- 
ible center-of-gravity positions, which results from the 
use of the adjustable-stabilizer and all-movable tails, is 
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caused by the large Increase In Cr, ’ that can be 

Xt 

obtained with these types of horizontal tail as compared 
with the fixed-stabilizer tail. The calculated value 
for Cl^. 1 for the fixed-stabilizer tail was - 0.029 as 

compared with - 1.05 and -I .25 for the adjustable-stabilizer 
and all-movable tails, respectively. The numerically 
larger value for CLj- ’ obtained with the adjustable- 

stabilizer tail is due to the influence of the term It 

nn ax 

in equation (3)» and for the all-movable tail, the 
numerically larger value for Cl^.' is due to the term r 

in equation (J). (See table II.) 

The results shown in figure 2 indicate that as 
compared with the fixed-stabilizer tail of At - 5*82, 

the adjustable-stabilizer and all-movable tails permit a 
reduction in horizontal-tail area of about ipO percent for 
a given center-of-gravity range. In the case of the fixed- 
stabilizer tail, the increase in aspect ratio from Ip • 2Lp 
to 5*82 permits a reduction in horizontal-tail area that 
varies from about 10 to 12.5 percent. 

In connection with the comparison shown In figure 2, 
it should be noted that the tail area required to provide 
adequate control in the critical landing condition will ■ 
depend to a significant extent on the conditions specified 
in regard to limiting the maximum angular travel of the 
various control surfaces. Thus, in the case of the 
adjustable-stabilizer tail, the criterion for the maximum 
stabiliser deflection is likely to be based on the 
placarded speed for the airplane with flaps down. 

In this connection, it is noted In reference 9 that 
longitudinal instability has occurred on several airplanes 
at small wing angles of attack with flaps down. This 
instability appears to be caused by stalling of the tail 
surface due to the comparatively large negative incidence 
of the tail associated with a small wing angle of attack 
and a large downwash angle with the flaps deflected. On 
this basis. If the placarded speed is taken at a value 
greater than .12.0 percent of the minimum speed, with 
suitable allowance for limiting the stabilizer deflection 
to evert tall stalling, the results indicated in figure 2 
for the adjustable stabilizer ’would be unduly optimistic. 
Similarly, the results shown in figure 2 for the all- 
movable tail would be optimistic if the maximum control 
deflection wore so limited that tho incidence of the tail 
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In the critical 
the negative stalling angle 


landing condition is a few degrees below 


For example, the maximum 
angular travel of the all-movable tail might be limited 
by the condition that in a wave -off, the sudden appli- 


cation of power should not increase the clown wash 


the d 

extent of stalling the tail. On this basis 
specified for the all-movable tail the 


if 


t o the 
t were 


its maximum 

incidence in the critical three-point landing condition 


should not exceed a value 


OJ 


2° 


lew its negative 


stalling angle, then the boundary for adequate control 
in the landing condition shown in figure 2 would be 

shifted rearward by a value of the order of 0.21c, 


Q j 


w s 


or about 0 »O 525 c., when 


LT = O.lp' 

o 


Static Kargin 


Figure 2 indicates that a reduction in horizontal- 
tail area results in a forward shift of the neutral point. 
Consequently, in order to maintain an equal static margin 
in conjunction with a reduced horizontal- tail area, the 
center of gravity should norm ally be moved ahead a 
distance equal to the forward shift of the neutral point. 
In the preliminary stages of design, the required cent or - 
of-gravity shift may be accomplished by moving the engine 
forward. An alternative method for obtaining an equal 
static margin in conjunction with, a reduction in ' 
horizontal-tail area is to move the neutral point beck 
by an appropriate rearward movement of the wing. 

Figure 5 is given in order to indicate for the air- 
plane the movements of the center-of -gravi by or wing 
position that are required with the reductions in 
horizontal-tail area associated with various types of 
tails in order to maintain a specified static margin. 

The areas for the modified tail designs are based on the 
condition that they give a range of permissible center- 
of -gravity positions equal to that obtained with the 
fixed-stabilizer tail (Ah = 5*62). The respective tail 
areas were obtained from "'figure 2, and are shown in 
figure 3(a). The movements of the center-of -gravity AZ 
or wing position AZ W required with the fixed-stabilizer 6 
(A-fc = , adjustable-stabilizer, and all-movable tails 

are shown in figure 5(b). The results for AZ C g and AZ W 
indicated in figure 3(b) were obtained by means of 
equations ()|) and (3)> respectively. The shift of the 
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neutral-point position AZ for use in equations (I4.) 

end (5), which results from the change In St/0 associated 
with the modified tail, was determined from figure 2. 

In figure 5(h) the values of AZ. C g end refer 

to the case In which either the center-of -gr avi ty or the 
wing movement is made independent of the other. The 
required movements of the center-of-gravi ty and wing 
positions for the case of a simultaneous movement may be 
obtained by means of the data of figure 5 on the basis of 
equation (0). 

Figure I}, shows a plan view of the subject airplane 
with a fixed-stabilizer tail and with an all-movable 
horizontal tail of reduced area. The all-movable tail 
with reduced area provides the seme range of permissible 
center-of-gr avity positions as the fixed-stabilizer tail, 
end the rearward movement of the wing of O.72 foot indi- 
cated in figure 1|, maintains the original static margin. 

If the center of gravity of the airplane with the all- 
movable tail were moved forward 0.265 foot, the original 
static margin could be maintained with a rearward move- 
ment of the wing of 0.532 foot. 


Longitudinal Control Characteristics 


With a given horizontal tail, the control-force 

characteristics may be varied over a wide range by 

adjusting the values for the hinge-moment parameters Che 

o e 


and 


Ch 


Oh 


The present analysis of the control-force 


characteristics is given, however, in order to compare 
some typical values for Ch= and Cn , which are 

°e a t 

required with the various horizontal tails to provide 
comparable control-force characteristics with an equal 
permissible variation in the center-cf-gr avi ty position. 
The analysis also compares the effect of a partial-wing 
stall on the control-force gradient in a dive recovery. 


The horizontal tails are compared on the basis of 
the original range of permissible center-of -gravity 
positions of the subject airplane of 0.105c w . The 
respective areas for the fixed-stabilizer tails (At - q-.2q. 
and 5*32) and for the ad just able -stabilizer and all- 
movable tails are then 4I.I4, 56*6, 22.6, and 20.8 square 
feet. 
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The results of the calculations for tho hinge -moment 
p ar ame tors Chg end Ch a j_ > and for F n , 0 . 0 1 dF^/d x , 

and Fj ; are given in table III. The data for F n 

and 0.01 6F n /bx were obtained by use cf equations ( 7 ) 
to ( 9 ) for a static margin x equal to C. C' 5 c w and for 


an altitude of J000 feet. The results In table III are 
given for the fixed-stabilizer tai.*. (A-^ = q "-by for values 


of Ch Q and Ch, 


a 


that were determined. o\ r.b e basis of 


t 


unoublished flight tests of the airplane. Tne results 


are also presented for all 


of the 


values of G> 


and 


'a 


at 


he tails on the basis 
required to provide a control- 


force gradient 


n 


equal to J .27 pounds per 


y and a 

value of 0,01 6 F n /bx equal to 0*5-2 pounds per g per 
percent change in x. The estimated control balance 
required with the tails in order to obtain the foregoing 
values of and Ch are ad- so compared in table III. 


The control-balance requirements for the fixed-stabilizer 
and adjustable-stabilizer tails were estimated on the 
basis of the typical hinge-moment data given in figure 2 
of reference 5 ; whereas the balance requirements for the 
a 11 -movable tail were obtained by use of the formulas 
given in the appendix, of tho oresent report. 


The results given in table III indicate that in 
order to obtain values of F equal to 3*27 and values 

of 0.01 CFn/dx equal to O .52 with a static margin 
of 0 . 05 c w either of the fixed-stabilizer tails would 
require appreciable reductions in the magnitudes of ^hg Q 


and Cv by use of balancing devices. These data also 
n a • 


indicate that if the aspect ratio of the fixed-stabilizer 
tail is increased from fp . 2 fq. to ^* 82 , the required control 


balance for 


°h6. 


would be reduced by about 12 percent. 


For the sd jus table-stabilizer tail, table III shows that 
in order to obtain the foregoing values for F n 


and 0.10 pF^/bx, a very small degree of balance would 

be required to obtain the .indicated value for C ^ ^ ; 

3 

whereas appreciable balance would be required to ootain 
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the vslue Indicated for . For the all-movable tall, 

a t 

the formulas given in the appendix of the present paper 

indicate that the value for Ch* shown in table III could 

°e 


be obtained by use of 
of the tail semispan, 

of 0.6, a chord equal 
whereas the tabulated 


a tab, which covers the middle part 
and has a linkage ratio 5f.j_/6 e 

to 0.08c e , and a span of 0.25b e ; 
value of Cv, 

Ur 




of zero could be 


obtained by locating the pivot of the main surface at its 
aerodynamic center. 


The data given in table III for the effect of freeing 
the elevator control AJ 0 p arid for the control forces 

required in the critical landing condition Fj, were 

obtained by use of equations (13) and (llj.), respectively. 
The results indicate that the values of Ai 0 p are small 

for all the tails. The control forces required in the 
critical landing condition are approximately the same for 
the fixed-stabilizer and the si 1-movable tails but ere 
lower for the adjustable-stabilizer tail. 


Effect of Partial-Wing Stall on Control-Force Gradient 

in a Dive Recovery 

Under certain flight conditions, such as in a high- 
speed dive recovery, the wing is apt to become partially 
stalled and the lack of adequate controllability of the 
resulting large diving moment may be very serious. A 
consideration of factors associated with the wing stall, 
such as the reductions in the slope of the wing lift 
curve and in the downwash angle at the tail, indicates 
that the diving moment that results from a \'i ing stall 
will be influenced to an important extent by the hori- 
zontal tail area. The diving moment contributed by the 
horizontal tail as a result of the wing; stall is assumed 

to increase directly as the product Cm (Aa*. . + A£ 0 4-) 

u S £ So/ 

where Aa+. ,_ + A £o-t- is the increase in angle of attack 

at the tail due to the wing stall. The derivative C m , 

however, numerically increases directly as the horizontal- 
tail area; therefore for a given increase in the angle of 
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attack at the tail, the resulting diving moment will 
increase directly as the horizontal-tail area. The 
moment about the airplane center of gravity that results 
from the reduction in tho wing lift-curve slope in the 
stall is also affected by the horizontal- tail area. In 
s given airplane, an increase in the horizontal-tail area 
results In a rearward movement of the neutral point, and 
for a sued fled static margin this movement of the neutral 
point in turn jnvolves a corresponding rearward movement 
of the center of gravity. For a specified static margin, 
the relation between the positions of the wing and the 
center of gravity is therefore such that the reduction 
in the wing lift-curve slope associated with the stall 
tends to reduce the stalling moment or to increase the 
diving moment as the horizontal-tail area is increased. 

On the basis of the foregoing discussion, it appears, 
that in a high-speed dive recovery in which the wing may 
become partially stalled, the small horizontal- tai 1 areas 
associated with the adjustable-stabilizer end all-raovable 
tails should, in general, significantly improve the 
longitudinal control charecteris tics over those obtained 
with the conventional fixed-stabilizer horizontal tail. 
Figure 5 is presented in order to give a quantitative 
comparison of the effect of a partial-wing stall on the 
control-force gradient in a dive recovery as obtained 
with the conventional fixed-stabilizer, adjustable- 
stabilizer, and all-movable horizontal tails. The area 
of each of the horizontal tails is given and is based on 
a range of permissible center-of -gravity positions 
of 0 . 103 c w as determined from figure 2 for the original 

horizontal tail of the airplane. 


Figure 5 presents the results of the computations 
for the increase in control-force gradient duo to a 
partial-wing stall in a dive pull-out made at constant 
speed. The results for (AF n ) st in this figure were 

calculated by means of equations ( 17 ) and ( 18 ) and are 
shovir for a range of values of a Wg ^a w from 0.6 to 1 . 0 . 

These values of a Wrt /a w may occur in the case of a high- 
speed pull-out in which the thicker sections near the root 
and those close to the wing-fuselage juncture tend to 
stall due to critical compressibility effects. These data 
for (AF n ) s ^- for the tails are based on the same values 

for Ch« arsd Ch that are given in table III. 
x o,, xl cu 
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The results in figure 5 indicate that the wing stall 
causes a greater increase in the control-force gradient 
with the fixed-stabilizer tail than with the adjustable- 
stabilizer and all-movable tails. Thus for a w s ^/ a w 

equal to 0,8, the values for (AF n ) g ^. for the adjustable- 

stabilizer and all-movable tails are, respectively, 21.8 per- 
cent and 2o percent smaller than the value obtained with the 
modified fixed-stabilizer tails. The magnitude of these 
reductions in (AF n ) st obtained, with the adjustable - 

stabilizer and all-movable tails as compared with the fixed- 
stabilizer tail also become greater as the wing becomes 
more stalled. Figure 5 indicates that for the fixed- 
stabilizer tail the increase in aspect ratio from 1 p- 2lp 
to 5*82 with an appropriate reduction in tail area has 
no effect on (af ) . 


CONCLUSIONS 


An analysis made In order to compare a conventional 
fixed-stabilizer, an adjustable-stabilizer, and an all- 
movable horizontal tail indicated the following con- 
clusions : 

1. The all-movable and adjustable-stabilizer 
horizontal tails have a large advantage over the con- 
ventional fixed-stabilizer tail in regard to tail-area 
requirements , For a specified range of permissible 
centor-of-gravity positions, the all-movable and adjustable- 
stabilizer tails permit reductions in tail area of approxi- 
mately IlO nercent , as comoared with the fixed-stabilizer 
tall, 

2. A specified static margin can be maintained with 
large reductions in horizontal-tail area by adjustments 
in the center-of -gravity or wing positions, which are 
feasible in the preliminary stages of design. 

3. The comparison of the longitudinal-control 
characteristics obtained with the horizontal tails, which 
was made on the basis of tail areas that correspond to 
tho same range of permissible center-of -gravity positions 
and on the basis of similar di/e-recovery characteristics 
for conditions below tho wing stall, indicated the 
following: 
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(a) For the ad. jus table-stabilizer tail, the 
required value for the rate of change of hinge - 
moment coefficient with, elevator deflection can be 
obtained with appreciably smaller control balance 
than would be required with the fixed-stabiliser 
tail, 

(b) The control forces required to effect a 
three-ooint landing at minimum speed will be smallest 
with the adjust able -stabilizer tail end will be 
approximately the same with the fixed-stabilizer 

and ell-movable horizontal tails. 

(c) The increase in control-force gradient in 
a dive recovery, which results from a parti al-wing 
stall, will be significantly smaller with the all- 
movable and adjustable-stabilizer tails than with 
the conventional fixed-stabilizer tail. 

I| . In the case of the fixed-stabilizer tail, an 
increase In aspect ratio from l;«2ip to ^, 82 . for a specified 
range of permissible center-of-gr avi ty positions permits 
a reduction in tail area that varies from approximately 10 
to 12.5 percent. This increase in tail aspect ratio with 
the appropriate reduction in tail area will, in general, 
have a slightly favorable effect on the longitudinal 
control characteristics below the wing stall, and will 
have no effect on the increase in the control-force 
gradient in a dive recovery due to the stall. 

Langley Memorial Aeronautical Laboratory 

Rational Advisory Committee for Aeronautics 
Langley Field, Va. 
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APPENDIX 


ESTIMATION OF H INGE -MOMENT PARAMETERS FOR 
ALL-MOVABLE TAIL WITH A TAB 


An estimation of the hinge -moment parameters 

and Cft for an all-movable tail with a tab, may be 
°e 

obtained from the following approximate formulas: 




(Al) 


where p is the distance measured back from the tail 
aerodynamic center to the pivot of the main surface. 


For a full-span tab 








( 


) 


For a partial-span tab 



where J and E' are functions of the span and location 
of the tab and of the tail taper ratio. Values for J 
and E* are given in references 5 snd 7 > respectively. 



If the pivot Is located at the aerodynamic 
= 0 end 




center, 


(All) 
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Equations (Al) to ( a'l) at*© based on strip 
^nd neglect a small increment in hinge moment, 
transmitted by the tab to the fuselage instead 
c on tr o 1 co lumn , 


theory 
which is 
of to the 
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TABU I - BASIC BATA FOR SOBJBCT AIRPLANI 


Weight, 

W 

Ub) 

Wing area, 

(■q ft) 

ting apan, 
b 

(ft) 

o» 

(ft) 

Aepeefc 

ratio, 

A 

Taper 

ratio, 

r 

Flap 

typa 

Flap 

span 

°w 

a 

(par dag) 

Tall length, 

It 

(fraotion of e v ) 

(radian par ft) 

8950 

236 

57 

6.64 

5.82 

2.14 

Plain 

0.6 Ob 

1.7* 

0,072 

2.30 

0.57 


TABU II - BASIC ABRODTN ABIC AKB DBS 1 01 BATA FOB HORIZONTAL TAILS 

[® - t * 0 - w ] 


NATIONAL ADVISORY 
COMMITTEE FOfc AERONAUTICS 


Horizontal tall 

Aspect 

ratio, 

*t 

Tapar 

ratio. 

r t 

c ,/e t 

fl* 

(ft) 

(ft) 

Span. 

<?t, 

»*.« 

(deg) 

lt *ax 

(deg) 

At 

(per deg) 

T 

Pixed atabllleer 

4*24 

1.71 

0.52 

0 . 137 ^ 

0.lA9*vSt 

2,06v§t 

-25 

2.0 

O.O635 

0.59 

Fixed atablllaar 

5.B2 

2.16 

1 

.32 

.I36v$t 

•U*5V®t 

2.42v**t 

-25 

2.0 

.0720 

«59 

Adjustable atablllaar 

5.62 

2,16 

.20 

.o85v^t 

.M5yS^ 

2.4 2v§t 

-15 

-15.6 

.0720 

*4? 

All nov able 

5.82 

2.16 

1.00 


.U*5vSi 

2 .U2vSt 

-2i+ 

0 

.0720 

a l.o4 


■ Include* effeot ef tab* 


TABU III - 8UIMAHY OF RESULTS FOB AIBPLAY1 WITH CBIOIKAL RANOE 
OF PBRbISSIBLE CENTER- OF-ORAVITY POSITIONS 


OF 0.1030* 



Tall 

area, 

St 

lavement of 
eenter of 
gravity or 

Longitudinal eontrol oharaotarlatlca 
(Altitude, 3000 ft) 

Horizontal 

tall 

wing 

(fraction 
of e v ) 

Cl 


C h« 

L t 


Wing \gwtell 

ad 


Effect of 
wing atall 


(aq ft) 

*».« 

Al w 

Value 

Estimated 

balance 

require- 

mant 

(paraant) 

" 

Value 

Estimated 
balance 
re qulre- 

ment 

(percent) 

F n for 
X - 0.05e w 
(lb per g) 

0*01 dFji/d* 

(lb per g per 
peroent o w ) 

Slop 

(fraction 
Of 0*) 

(lb) 

(AF n )g t for 

•..t = o- 8 *. 

(lb p«r *1 

Flxec 

atablllser 

kl*k 

0 

0 

-O.OO67O 

U2.5 

•0.000539 

90.0 

7.35 

1.21 

-0.00950 

26.8 

10,1+ 

Fixed 

stabilizer 

(modified; 

A t = 4**4) 

4i.4 

0 

0 

-.00289 

75.0 

-.000188 

96.5 

3.27 

.52 

-.00769 

11.6 

4*6 

.... 

Fixed 
atabillzar 
(A t = 5.82) 

56.6 

.006 

-.008 

-.00392 

66.0 

-.000256 

97.0 

5.27 

.52 

-.00767 

U.5 

4.6 

Ad juatabla 
atabllizer 

22.6 

..062 

.090 

-.0101+ 

M 

-.000190 

95.0 

3.27 

•52 

-.00111 

~~hH 

3.6 

All movable 

20. e 

-.070 

.102 

-♦OOO96 

Suitable 

tab 

(aaa text, 
page 22 ) 

0 

Pivot 
located 
et aero- 
dynamic 
center ef 
main 
aurf aae 

3.27 

• 52 

0 

11.5 

5*4 
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Figure 1,- Position of various points along longitudinal axis 
of airplane. Distances measured in fractions of c w . 
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Fig. 2 



Figure 2 # - Variation with horizontal- tail area of permissible 
center-of-gravity positions for fixed-stabilizer, adjustable 
stabilizer, and all-raovable horizontal tails. 
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Figure 4.- Plan view of selected fighter airplane with reduced 
horizontal-tall area obtained by use of all-movable tail. 
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